THE SPACE ENVIRONMENT IR BIOLOGICAL
| Webb Wbr ¥*

pn :uw as zz relates

all the others: it is exebielegy, the purg
uajor scientific objectivey s Snxce Ay

Qur galamy quite 11iwel
some billions of xsux'& age .

secular oquilibrium with the miromnt.
and other celestial bodies m eonducive te th&»@f
life as %ﬁ and, if &_ﬁ, what the mure of th
might be, is/the'most complex riddl th shich we

;
!

as wo enter the space arenss

of life arganiutiﬁn

v Asst. Pomeln
OTS PRICE

{ xerox 5 . /4t Lh.




2o

exanple, as blological rhytimicity -- and the other is the
delireation of tnogse aspects in the spacse envircomenta which
are biologically hostile. This is z field interlocking with
biotechnology,which 1is concerned in the monumental task of

putting man into spaee and providing hip with conditions under
which he can function normally.

Of the grestest import from the standpoint of space
travel and extraterrestrial habitation is the delineation of
tnose environmerntal copditions under which the normal passes
into the pathological. Tdis is a field in which the Arped
Forces Institute of Pathology has distinguished itself from
its inception a century ago, and for this reason, if for none

other, 1s richly deserving of our accolade on this oceasion.

Yiow, this is & vast subject whieh Dr. Townsend has most
generously invited we to discuss. T shall try to Lring out

sowe of the hishlights.

The Moon, Yenus and Mars are our first targets. Mercury
P -——‘mﬂmf’“

does not come into consideration biologiecally because it has
00 atmosphere and because its temperature range is extrene:
340° on the side faeing the Sun and close to absolute zero on
its dark side. ihe planets beyond Mars are too eold, except-

ing, possibly, Jupiter, which may have retained heat hecause
of itz great size,
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¥rom the exchbiological standpoint, we cannot by-pass the
Jioon. “ecause of the lack of an oxydizing atmosphere, any
%rml from space thatl say have impacted the Moon over the
millicns of years will protably have been preserved. The Hoon
may thus be & laboratory of organbe evelutien. It say alse be
a museum of feossil extinet life,

Yenus is so heavily ccvered by a dense eloud that 1it's
surface has never been clearly seen, According to some n%-
omers, the surface of Venus is covered by a vast ocean, and
according to others it may not even amtahg ace water.

a8 deduced from the radic omission from the planet in the
microwave region, Venus has & temperature of at least 300°C,
but this ey be an incorrect figure because of the possibility
thet the microvave radlation was not generated thermally, but
was due to electrical excltatlon in Ver zUS}s icnespuere. 4s far

@8 is ¥rown, Venus 1z uot hospltavie to life.
”5

Ihis brings us to Mars. Iife forms there would have to
cope with an atmosphere consisting mostly of carbon dioxide; its
content is 2 to 13 times greater than that of the Earthis
atmosphere. The proportlion of water vapor in the Martian atmom
rhere is 1:200,000, while that in the Rarthfs atmosphere 1is
arcund 1:100. 1If the u polar W«n ¥ars do consist of

vater-frost - as Wm‘e"/ ontended E-— &ia would constityte mly

cne~millionth of the water Eapth! a .
1S AN
Because of the westiesd absence of an atmospheric shield in the



form ¢i cxygen or ozoms, UV light on the surface of lars is

probably intense. In regard (¢ tue geasonal color changes on

A—— ————

Hars, the preveiling toeoOry, as based e inirared spectral
absorption,?%iat tiiey rejpresent varlations in the growth of
vegetation. +he odd thing about this coler change - which
consists in a progressive darkening - is that it begins at the
. edge of the polar caps and extends towsrd the equator as the
sea%éﬁn advances. This is tie reverse of what is true om our

placet.

I shall not go intc the pros and cons of whether life
exists on llars, but try, rather, to describe some experimental
approachas to the péﬁlen under conditions that may have prevail-
ed on the primitive Earth or on some other planet.

Lue of the west wriiliant discoverles lu iais conpection,
by iller und ‘Tey s0me years ago, was that anntvaciayéonld
readily be produced by sendlig au eleciriecal dlscuarge inte &
reducing atuosphere counsisting in wetusne, ammouia, carbog
dlioxide and nitrogen together with some water. iud since then
it hus been learawd that this same reactiou can be produced
thrcugh the use of many olher forms of enexgy, such as UV 1igkt,
ionizing rediation, wicrowave, or even !@at. Other biologically
significant compounds (e.g., purines, pyrimidires, and fatty
aeids) Lave also been produced under these conditions, though

in smaller amounts.
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Sueh a reaction, then, may have been a starting point eof
Liochenmical evolution on the primitive Earth., It is not teo
great a jump to the concept that biochemical evolutf@ will
cecur wherever there is 2 physico-chemical environmentf
resombling that of the primitive Earth,.

We can be sure that life originated not simply as an
unbroken echain of successively more complicathd molecules, but,
rather, as a Lalance %ﬁtween cuesdtruction and degradation.

The question of 1ifs on #ars gces beyond & mere quest of the
primﬁrdial’ rav saterials and snergy sources. Iavolved
heavily in 1t is the problem of how nature can evolve a
goretic mechanisy that 1s stable in a mare de saging

gavircnaant ,

There have been many suggestions as to forms of life that
should first be sought an Marsy by devices landing on the
Martian surface. Some of the most logical substances to 100k
for are organie‘ phosphorus compounds, porphy;;fins, and %
nitrogen. % candidates asong the life forms are those
that provide for their own crganic substances through purely
chemical means (heterotrophs); &lso %nitr.ﬁ:‘ying and sulfatizing

bacteria, and certain photosynthetic bacteria which giwl off

—

no oxygen. JSearch for thermophilic bacteria has alsoc been
suggested, as has also search for those life forms resiatant to
various kinds of radiation, for example, certain plgmented
bacteria, which, because of the carotenoids they eontaln, are
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refistant to UV radiation. Plants living in d4ry habitats,
fungi, and :etinowyeces also reed to e taken inte aceount.

In the not too distant future, some CPOs (Orbiting Plans-
tary Cfbnrva%) will be erbiting Mars in order to detest §ax(vnd-
ccmponents in the Mertian atmosphere, such as W”m
carvan dicxide, and they will try to get readings tarough gaps
in the Martian blue hase in the 2500 to 2900 ¥ range in erder
to specify the ultraviolet environment of any organisms that
may exist,

L8 #) & #2

I ghall like to snow you a device whish will be landing
on Hars. It is the Gulliver, devised by lavin apd Herg
Dasically, it @onitors a metfabelic process. Two silicon-
izmpregnated strings are shot out by projectiles for some 50 to
100 ft., then are witizjfawg zﬂ% %yr»drivon win%}:‘a:i; %r/jnf%ri
about2s to 50 ngf of |soft pithteies witlh them. Swrfsca—mEEDins
2% thus introdueed into & nutrient medius that contsins radio-

L

« Feor t‘wwdﬂi« to work it is necessary that any

V4
organisss present on the Magtian surface take up the radiocactive
carben snd give off CO,. The tagged CO, is collectsd on a tu#}
and above the film is 8 80lid state radistion detector. The
cM* 14 the €O, &ives off weak beta rays, waich are asen by the

detacior and telemestered back to Earth.

active Cl
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In the extraterrestriasl environment the greatest concern is

that man will be able to function satisfactorily. Han sust

take much of his terrestrial environment with him for survival.
Thersal radistion will present a large engineering problea.

‘he other elestromsgnetiec radiations (UV, X-ray) should be easier
te cope with than thermal radiation. The emergetie particle
radistionS trapped, solar and cosmie - present difficult
problems. Not only do we not know how to deal with them; we

do not even know what they may do toc us.

intergalactic space is thought to be filled witn & tenuous
§88, predaminantly hydrogen, of the oxder of 100 atomw/em3.
fhile this gas hes 3 very low energy, cosmie rays of similer
composition Lave ihe Lizhest energles known., + week magoetic
field of the orxder of 1 gamua pervades the gulaxy and may be an
isportant scurce of erar y o acceleratiag tiese partieles.
The ereryy stored in ¢ven s region of galactic ciizaensi;ﬁs iz
iwiequata te explain the highest energies cbserved (wzcav)}
aud thug attontion 13 being siven preseatly to superanovae as a
socurce of some ¢f the particles. Galacilc cosmic rays seen to
e gfm of stellar atmlzaras/écceler&ﬁeé partially during
ejection, but mainly by magmetic ir homogeneitles in intergalactic

SPRCS .

More will be known of this vast region before A Mo
voyages into it. Of more lmmedliate interest is interplanetary

space.
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ihe e‘éunés pagretie field zodulates the cosmie rays in
interplangtary space, deflecting only those of lower emergy
avey froz the Earih's atmcsprere. Over the ll-year eycle of
solar activity, the total cosmic ray flux in Iinterplamsiary
space and mar our 'arth varias from 2.5 Mﬂ-
5 particles/cm /sec, The eaergetie primeries are not deflected,
and thus the radistion hazard dee te gosuie rays is uuntmu
conastant, despite the subile effectis noticed in m 1l-year
¢ycles on the Earth.

15 #3, #4 and #5

Of eourse, charged particles trapped in Van Allan bnltqf,
o M }mfgigh g R
los
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ag are alsc cosaie ray flares Trom the Sur, but
LTy Aire et~
logical effeets of m rhenomona we m@a/z;peciﬁsz data.

let ze, therefore, ladlcais sowe resuvlis of recenl experiments
L.n i1t E £ s b .,7

-E4 ballocn altitudes and in the Zarths

orbit. .
L botre Cotrend ol @? )& /)’A»Si‘
% h1loon zzm&@m{fw months ago in collabo-

AL

were run in Canada for te
range of biologieal systems. The belloons ware launched from
Coose Bay, labrador. Iuring the £light they maintained an
average sltitude of approximately 130,000 ft. for some 50 hours.
The partiecle flux at this altitude is indicated

LS #¢
In the gelatine emulsioms that were carried inside the

capsules, counts were made of tracks having 2200 Mev/cm rate of

RS e i i)
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erergy loss (i.e.,tracks of relativistic carbmn and higher pA
particles). Preliminary observgticns have indicated appnoximately
1500 of these heavy primariegen’ during the flights.

Ammgz the plant materials carried on the flights were
the seeds of corn, beans, Afpiean daisies, lobelia, and marigoid.
Control seeds were kept at ground level, and soue were exposed
to 2300 r of 100 kv x-rays.

Reference will be made only 1o the effects of the flights
cn the eoxn. 1 am referring 1o studies of Drs. Slater and

Tobias at the University of California in Berkeley, < /v i«
peationpan o Thame flghs,
g1ide #7 and #8 oy [ G
Developmental defects appeared in the leaves;[é's” tl;ssy grev.
These consisted in streaking and spot bleaching. The ratio of
suen defects in the untre?t%ed controls, x-irradiated controls and
b«lloo:#lm corn vas 4#9%. Sipilar changes have been noted

o St resni Bt f s

by Dr. Cuptis of Erookhaven A.B. C Iaboratoryk in corn carried
M Wc»»:(t—;wt( BECWERFTY ¥ Vs A 1/«-&/1’

on a satellite flight nd sucb changes have alsc hean observed

in the flowers of petuxiia and other plants as 2 mutuable cendition

induced by gamma radiation (Sparrow, 1960) .

The remction of many plant forms o conditions existlng
in the Barth's orbit has been studied intensively in Cosmic
Sputpiks. One was Cosmic Sputnik II, which orbited for 25 hours
at 306 to 398 km from the Earth. Under these canditions the
average primary cosmie«ray flux for protens is .?./cm /see, for

alpha particles O. 3/cxn /sac, and for particles Z 43, C. Osfcm /secj
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and the averase lincar/#e¥e 1s 3.5 iev cm ca L,
™.

L3 #9

In general, & significant acceleration of the processes
of cell divisicn was noted in the sprouts of the maize, pes and
vheat seeds. IBut of especlal 1ntsr-s;:;i;hﬁes in the development
of Agtimomyces in culturss. Growth of radioinsensitive strains
incressed (~--fold as cappared with the controlsa, while the
growth of radio-sensitive strains decreased 14-fold., On this
same flight the seeds of maize, string beans and wheat (some
raéieaénsitiva and others not) were sent aloft, and the experiment
conslisted in determining the effects on the rate of subsequent
root growth. Chrogosomal aslterations in the aékahase and
telephase was frequent. Hitotic index was significantly increased
in the corn and string beans, but was decressed in pamma-and~fast-
seutron sensitive wheat (6.59 vs &£.02 for the control)
(Glembozkei, zfﬁél)

I: repard to {ha corn exreripent in the balloons, it should
»e exphasized that virtuslly no changes were noted in the control
cori following exposure toR0C r x-radiation. If such resulis
can be cofifirmed in fulure tolloon flights, we will have an
indlcation of the effects that may be expected on plant life
when expogsed to the space environment, a3 on a Moon base. Hutants
readily appear following respomse to zamma radiatien, and we
shall soon know whether they will appear undé} ba1loon-£11ght

condlitions.



11.

The data of the seed experiments carrisd aboard the Cosmie
Sputniks alse indicated striking growth. aistnrbanec but whether
or net these are attributsdle cgéosm radiation must avait
further experimentation en which to fudge. The Rasaiah iavastiw
gators wvere amphatia in their belief that the changes thcy
chaerved were nat due Egéﬁamic rays, Huech the same probles
arises in respeect to Neurospora sent by YeBusk into the Van Allem Beir
%% for a brief period. Under these conditions; mutation rates
were (%nnﬁ t¢ be orders of marnitude higher t?an anticgpated
from sipultaneously observed radiatian in this belt. In experi-
gents of thig kind, perhaps we are dealing with gombined effectis
of variocus space environmental factors - a subject on which we

have as yvet no concrete informatiom.

» L L] - * L4 - & L] » L4 L ] ¥ * * L4 * - » . - 3 * » L 4 * L4

There are zmauy other important bilelogical problems in the
space field, such as photosynthesis and its r ?&tiﬁﬁ 10 sular
11luminance on: the Moon, Venus aud Mars, and the degree of
deperdence of plants aud anigals mn the gravitational fields of
these extraterrestrial bodies.

But 1 nhave time only to make some rewarks on the problea
of bblogieal eljocks.

Over the course of millions of years living organisms hawe
svolved under comphex environmental conditions., One {mportant
factor of the enviromment is its rhythmiecity., Contributing to
this rhythmieity are mewements of the "arth relative to the Sun

and Moon. The Tarth's rotation relative to the Cun gives us
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our 24-hour day and, with its axis titled as it revolves about
the 2, we have our years and seasons. Our luper day is the
time from Mocn rise to Hoon rise. 3he Mom's arrival every
29-1/2 days at the same relative position between the Earth

and the Sun gives us our synodical month., ‘he daily and annual
rhythas related to the Jun are assoeclated with changes in light
and temperature. The lunar day aﬁd synodical month are assoel-~
ated with Moon-dominated tides and in changes in nighitine
illuwsination. S“hese 4 physiesl, or extrinsie, ;hytm,s ineclude
changss in farees, as in gravity, barometric pressure, high-energy
radiation, and magnetic and electrieal fields. Considering the
rhythisie changes in the physical werld it is not surprising

that living cresatures should display daily and monthly

riythmie patterns whish serve as biologieal clooks as dependable
as the sun disl.

Tvicdance hos teen accumuinbing that cohylluss pervade the
entire physiolopical and viochemleal sysiem, which is mwzy
an czelllator whose frequency is an evolved match to that of
the physical exnvironment it ishabits., The envircnmental inputs
shat repulate this oscillsteor -~ the 1i{yhit and temperature cycles -
act only as entraining periodieiiies regulatiing phase and period
of the living oscillator.

ing problem now in the stage of heated discussion is the
degree to which biologieal elocks are responsive toc gueh

environmental factors as cosmie-ray showers, magnstlic lines,
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Larometric pressure, etc. -+he difficulty in resolving the
problem is that these envircusental fastors carnot be experimentally
controlled. One ¢az culy attespt cerrelations which are highly
suggestiw but not eomslusive.
L8 #10
A very interesting study along this lins is that of Prof.
Lrown of Horthwestern University. He hes cewralaﬁaﬁ the daily
metubolie cyeles of fiddler crabs, pdatoes, sea uf,x'ané oysters
during the spring and susmer of tne years 19% and 19%5.
Between thsse 2 years tue daily matabolie cycles of these
organiszs seewed 10 have turned upside down, Comparing this with
¢osmic-ray ¢yelic data, which he obtained from the Fermi
ii?l of tne inlveraity of Chicago, he found that just as the
erab, sotato, seawe wéggég'é;r;y;ngrtad iézfgggé two
A
gpecilic periods of study, s¢ were also the cosmic-ray cycles
in the scoe pericd.

Drastic alteration of phase in bioloslea? rlythumicity can
lead 10 irreparaeble dampage to an organism, and thus research on
blologieal rhythmielty carried out in the space environment has
its practieal aspects ag well as ellowing one of the most basie
problems in biclogy to be explored.



